INTRODUCTION
Despite renal transplantation as the preferred method of effectively advancing the survival of patients with endstage renal disease 1 , the long-term effectiveness of grafts remains the major challenge for clinicians and researchers due to the effects of chronic allograft nephropathy (CAN) 2 .
The CAN-induced renal allograft failure is primarily due to T-and B-cell-mediated immune injury 3 . Follicular helper T (Tfh) cells are necessary for B-cell differentiation and production of immunoglobulin G (IgG) isotypeswitched alloantibodies in germinal centers (GCs) with active immune responses [4] [5] [6] [7] [8] . Some recent studies have shown that Tfh cell response plays an important role in the acute rejection after renal transplantation 8 , but the underlying mechanisms in the status of CAN are not well elucidated yet.
We have recently found that Tfh cells exist in the renal allograft and spleen of CAN rats (Shi et al., unpublished data) . On the other hand, Tfh/GC B-cell development and their interaction in Tfh cell response require B-cell lymphoma 6 (Bcl-6), interleukin-21 (IL-21), and some surface signaling molecules such as C-X-C chemokine receptor type 5 (CXCR5) and B-cell-activating factor (BAFF) 9, 10 . We therefore asked if these immunological molecules are similarly or differentially involved in Tfh cell response in the grafts and spleen in the condition of CAN.
Moreover, recent studies show that IL-10 is a key regulatory cytokine that can inhibit the generation of proinflammatory cytokines and control the localization and differentiation of Tfh cells in the secondary lymphoid organs to mediate cardiac transplantation tolerance 11 . Clinical evidence suggests that a low expression of IL-10 in renal allograft biopsy usually indicates high T-cell infiltration 12 . Similarly, tristetraprolin (TTP) can offer negative regulation to proinflammatory cytokines, such as tumor necrosis factor (TNF), by degrading their mRNAs in a rat model with chronic renal failure [13] [14] [15] [16] . An increase in TTP enhances the effect of IL-10 on anti-inflammatory response 17 . Therefore, we also explored whether the Tfh cell response is associated with TTP/IL-10 expression in the graft and spleen with CAN.
MATERIALS AND METHODS

Subjects
Male, specific pathogen-free Fischer (F344; RT1 lv1 ) and Lewis (LEW; RT1 l ) rats were purchased from Vital River Laboratories (Beijing, P.R. China). These Fischer and Lewis rats, weighting 250-300 g, were used as kidney donors and recipients, respectively. All rats were fed with standard food and water in air-conditioned rooms at constant temperature and humidity on a 12-h light and 12-h dark cycle. The animal procedures were performed according to the Institutional Ethics Committee of The Third Affiliated Hospital of Soochow University, Jiangsu Province, P.R. China.
CAN Model
To establish the CAN model, kidney transplantation surgery was carried out as described in a previous study 18 . The rats were anesthetized and had no signs of pain during transplant procedures. The left donor kidney was orthotopically transplanted with end-to-side anastomoses of the renal artery and vein. The right native kidney of the recipient was removed on the 10th day posttransplantation. Cyclosporin A (CsA; Novartis, Basel, Switzerland) is a calcineurin inhibitor and can decline acute rejection rates after renal transplantation. All recipients received 10 mg/kg/day CsA for the first 10 days after renal transplantation, and then switched to 0.5 mg/ kg/day CsA from day 11 to week 8. Recent studies have shown that the rat recipients have typical symptoms, and the renal grafts show pathological changes of CAN at 8 weeks after transplantation 19 . Syngeneic Lewis-Lewis grafts were used as the normal control (NC) group. The grafts and spleens were collected at 8 weeks after surgery. Parts of these tissue samples were snap frozen in liquid nitrogen and stored at −80°C for mRNA or protein analysis. Other renal and spleen tissues were fixed in 4% paraformaldehyde (PFA; Amresco, Solon, OH, USA) for pathological examination.
Histopathology Assessment
The paraffin-embedded tissues were cut into 4-µmthick sections. After dewaxing, the kidneys were stained with periodic acid-Schiff (PAS; Nanjing Jiancheng Bioengineering Institute, Nanjing, P.R. China), and the spleens were stained with hematoxylin and eosin (H&E; Nanjing Jiancheng Bioengineering Institute, Nanjing, P.R. China). All slides were assessed by pathologists in a double-blind review.
Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted and purified from kidney and spleen tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). cDNA was synthesized using the PrimeScript™ RT Reagent Kit (Takara, Kusatsu, Shiga, Japan) according to the manufacturer's instructions. The mRNA levels were detected by quantitative realtime polymerase chain reaction (qRT-PCR) using the SYBR ® Premix Ex Taq™ Kit (Takara) and the Prism 7500 RT-PCR System (Applied Biosystems, Foster City, CA, USA). The following cycling conditions were used: 95°C for 30 s, 95°C for 5 s, 60°C for 34 s (40 cycles). qRT-PCR was performed three times. The expression of Bcl-6, IL-21, CXCR5, BAFF, IL-17, and forkhead box P3 (Foxp3) was normalized to the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) signal. The primers used are listed in Table 1 .
Western Blot Analysis
Samples of kidney and spleen were homogenized in a protein extraction buffer (KeyGEN, Nanjing, P.R. China).
Table 1. Primers Used in This Work
Gene
Primer Sequence
The total protein content was determined using the bicinchoninic acid assay (BCA) method, and proteins were then heated at 100°C for 5 min. Protein (50 µg 
Statistical Analysis
Data are shown as mean ± standard deviation (SD). SPSS 13.0 software (IBM, Armonk, NY, USA) was used for statistical analysis. Comparisons between the two groups were performed using the t-test. A value of p < 0.05 was accepted as statistically significant.
RESULTS
Histological Evaluation
The rat CAN model was successfully established. As shown in Figure 1 , the graft tissues with CAN presented tubular atrophy, glomerulopathy, and interstitial infiltration of lymphocytes or mononuclear cells. The spleens with CAN showed enlarged splenic nodules and a discernible increase in lymphocytes and neutrophils (Fig. 2) , while the control group did not present these pathological changes.
Differential Expression of Bcl-6 and IL-21 Between the Renal Graft and Spleen With CAN
Since both Bcl-6 and IL-21 are crucial for Tfh cell and B-cell activation in Tfh cell response 20 , we therefore detected these molecules in the renal graft and spleen and compared their expression between these two tissues. As shown in Figure 3A and B, Bcl-6 and IL-21 mRNA levels were all higher in the graft (Fig. 3A) and spleen (Fig. 3B ) of the CAN group compared to their levels in the NC group. The results of the data comparison demonstrated that the spleen contained lower mRNA and protein levels of Bcl-6 and IL-21 than the graft in the CAN group ( Fig. 3C and D) .
Different Expressions of CXCR5 and BAFF Between the Renal Graft and Spleen With CAN
Since the Tfh cell/B-cell combination and the initiation of GC response are dependent on their surface costimulatory signals like CXCR5 and BAFF 21-23 , we next analyzed the mRNA levels of CXCR5 and BAFF between these two tissues in the CAN group. Interestingly, we found lower CXCR5 and BAFF levels in the spleen than those in the graft (Fig. 4) . 
Increased Foxp3 but no Change of IL-17 Levels in the Spleen of CAN
Recent studies have disclosed that Tfh cells can mediate the generation and function of Th17 and regulatory T cells (Tregs) in the spleen of an animal model undergoing allogeneic transplantation 24 . Moreover, Tfh cell migration into the graft and Tfh cell response in the GC also depend on Th17-and Treg-mediated regulation in the secondary lymphoid structures 24,25 . IL-17 and Foxp3 are identified as specific markers of Th17 and Tregs, respectively 26 . Therefore, we further examined the IL-17 and Foxp3 levels in the spleen. As shown in Figure 5 , only Foxp3 expression was upregulated, and the level of IL-17 was not changed in the spleen of the CAN group when compared to the NC group.
Differential Expression of TTP/IL-10 in the Renal Graft and Spleen With CAN
Since TTP and IL-10 also affect T-cell responses in the lymphoid structures, we next determined whether the Tfh cell response in the graft and spleen is associated with a change in TTP/IL-10 levels in CAN rats. As expected, disparate results were obtained in these two tissues. As shown in Figure 6 , we found that both TTP and IL-10 expressions were downregulated in the graft, but enhanced in the spleen with CAN.
DISCUSSION
This work was the first to compare the expression of immunological molecules involved in Tfh cell response between renal graft and spleen with CAN. Our results suggest that Tfh cell response is active in both the graft and spleen of CAN rats, though it is more active in the former.
Emerging evidence has demonstrated that an imbalance of Tfh cell response in lymphoid structures is related with the pathogenic process of many immune diseases 27 . Renal Tfh cells were found from renal biopsies in patients with acute rejection after kidney transplantation 7 . Moreover, our pilot studies have indicated that Tfh cells are present in the follicular structures of both renal graft and spleen (Shi et al., unpublished data) . Therefore, it is interesting to compare Tfh cell response between the graft and spleen in the condition of CAN by detecting the expression of some functional molecules that are critically relevant to Tfh cell response.
High Bcl-6 level is indispensable for the initiation and promotion of Tfh cell and B-cell development and their mutual connection in Tfh cell response 28 . On the other hand, IL-21 can control the CD8 + T-cell expansion and B-cell differentiation in alloreactivity 29 . IL-21 also induces the promotion of Bcl-6 expression 30 . We found that both Bcl-6 and IL-21 levels increased in the graft and spleen of the CAN group with their levels being much higher in the former than the latter. Our results suggest that Tfh cell response is likely upregulated in both the graft and spleen during CAN, with the spleen having a weaker response.
Our data also demonstrated that the expression of CXCR5 and BAFF was lower in the spleen compared to that of the renal graft in CAN rats. High CXCR5 levels enable Tfh cells to recognize follicular B cells of secondary lymphoid tissues, which is essential for the acceleration of Tfh cell response 31 . BAFF is crucial in regulating B-cell maturation, differentiation, and activation, contributing to the outcomes of Tfh cell response to specific antigen stimulation [31] [32] [33] . Recent clinical studies have shown that a high serum BAFF level is correlated with increased incidences of antibody-mediated rejection and graft function injury 32 . Moreover, blocking BAFF signals leads to neutralizing alloantibody production and improving allograft survival 34 . Therefore, the relatively low levels of CXCR5 and BAFF also suggest a weaker Tfh cell response in the spleen than that in the renal graft in CAN.
The Tfh cell response is often influenced by Tfh cells' activation and their interaction with Th17 and Tregs in immune diseases [24] [25] [26] . Foxp3-expressing Tregs contribute to renal transplant tolerance by negatively regulating Tfh cells 35 . Blocking the stimulatory signal of Tfh cells undermines the expansion of alloantigen-specific Tregs in vitro 36 . An increase in Foxp3 in the spleen of the CAN group suggests that the weaker Tfh cell response in the spleen may be attributed to the elevated immunosuppression of splenic Tregs. More recently, some studies have shown that Th17 assists Tfh cells to play crucial roles in autoimmune diseases with synchronous changes in their quantities and cytokine production 37 . A high IL-17 level is especially linked to increased immune reactions in GCs, which is the same with the effect of IL-21 38 . However, we found that the expression of IL-17, unlike IL-21, did not increase in the spleen of the CAN group. This unexpected result suggests that Th17 might have little impact on Tfh cell response in the spleen with CAN. More investigations are needed to clarify the relationship among Tregs, Th17, and Tfh cells in CAN.
IL-10 is an important immunosuppressive factor that exerts diverse effects on T-cell-dependent immune responses 39 . A deficiency of IL-10 promotes the Tfh cell response in lymphoid structures while preventing the tolerance to allograft 11 . In addition, the initiation of IL-10's protective effect demands an increase in TTP expression during inflammation or immune injury 17 . In our study, TTP and IL-10 levels were higher in the spleen but lower in the renal graft of the CAN group when compared to the NC group. The different changes in TTP and IL-10 in these two organs suggest that the immunosuppressive action of TTP and IL-10 is upregulated in the spleen and downregulated in the graft under CAN. Consistent with this notion, the spleen and graft had a major difference in terms of Tfh cell response (i.e., opposite to the alteration in TTP and IL-10 levels). These results suggest that there may be a TTP/IL-10-mediated inhibition on Tfh cell response in the spleen and graft of the body with CAN.
Taken together, our data, for the first time, demonstrate that Tfh cell response is upregulated in both the graft and spleen of the CAN model, with a weaker response in the latter. The difference between these two tissues may be attributed to differential regulation of Tregs, TTP, and IL-10 under CAN. These novel results help us better understand the mechanism of Tfh cell-mediated immune response in the pathogenesis of CAN and may shed light on new therapeutic strategies against the immunological damage in CAN. Note that the levels of TTP and IL-10 were both higher in the graft but lower in the spleen of the CAN group than those of the NC group.
